mutation in the BCOR gene leading to a premature stop codon. We describe the clinical phenotype and molecular results of the whole family including the parents, the importance of genetic counseling and provide a review of the literature.
Case Reports
The proband, an 8-year-old girl, and her 6-year-old sister were referred to the Clinical Genetics out-patient unit of the Christian Medical College, Vellore by the Ophthalmology Department for syndrome diagnosis. The proband was born after an uneventful pregnancy by an uncomplicated vaginal delivery (birth weight 3.75 kg). Her parents are non-consanguineous. At birth, bilateral cataract was noted which was operated. At the age of 8 months, she underwent another surgery as she had been diagnosed with double outlet right ventricle, ventricular septal defect and pulmonary stenosis. Simultaneously, an anoplasty for a rectovaginal fistula was performed. Another intracardiac repair at the age of 3 was performed. She had delayed dentition; speech developed at 2.5 years, and she was able to walk at 3 years of age.
On physical examination of the proband, short stature was observed (122 cm; <3 SD). Weight and head circumference were normal. She had facial dysmorphism including high forehead, frontal bossing, broad nasal tip with bifid cartilage, low set, posteriorly rotated ears, small ear lobes, and microcornea. Intraoral examination showed delayed eruption of permanent dentition, class I malocclusion with deep overbite, V-shaped maxilla with high-arched palatal vault and bifid uvula ( fig. 1 a-d) . Camptodactyly of the 4th and 5th fingers (right > left), proximally placed thumbs, restricted supination and pronation of the left forearm, camptodactyly and syndactyly of 2nd and 3rd toes, and sandal gap were present ( fig. 1 e, f) . She had nystagmus and scars on the chest and abdomen from previous surgeries. The rest of the examination was normal. The panoramic radiographic findings of the proband showed radiculomegaly in relation to lower incisors with open apices, delayed eruption of permanent teeth and delayed shedding of deciduous upper anterior teeth ( fig. 2 a) . The maxillary and mandibular canines are still in formation stage. The lateral cephalometric examination revealed skeletal class I with severe vertical growth pattern, increased gonial angle, steep mandibular plane with retroclined incisors, and competent lips ( fig. 2 b) . Elbow radiographs at infancy showed left radioulnar synostosis ( fig. 2 c) .
Her sister had congenital cataract that was operated 20 days after birth. Her milestones were normal, and she did not undergo any other surgeries. On examination, she had short stature (111 cm, <3 SD), frontal bossing, microcornea, high nasal bridge, V-shaped maxilla with high palate, and sandal gap between the 1st and 2nd toes ( fig. 3 , left panel). Overall milder skeletal anomalies were noted in the sister. The panoramic radiographs showed delayed eruption of first molars and presence of all permanent tooth buds. However, radiculomegaly could not be diagnosed due to the younger age of the patient. The lateral cephalometric radiograph showed skeletal class II attributable to retrognathic mandible which is a normal finding re- The parents were healthy, had normal height and did not have any dysmorphic features apart from sandal gaps.
Although an initial diagnosis of VACTERL had been made elsewhere, our evaluation made the clinical diagnosis of OFCD syndrome more likely. Routine chromosome analysis revealed a normal karyotype in both sisters. Some cases with Fanconi anemia can also present as VACTERL; cell cultures treated with mitomycin C (done earlier) revealed that the proband had increased chromosomal breakage, which was not the case in her sister's blood.
Based on the clinical diagnosis OFCD syndrome, the proband and her sister underwent molecular analysis of the BCOR gene; the parents were tested for the mutation in blood and saliva or buccal cell-derived DNA.
Material and Methods

Patients
We obtained clinical data and blood samples from the 2 affected sisters and their parents. In addition, buccal swabs and saliva were received from the mother and the father, respectively. Clinical data and samples were obtained with informed consent, including consent to use the photographs in this report, under protocols approved by the Institutional Review Board. 
Sequencing of BCOR
We isolated genomic DNA from blood, saliva samples and buccal swabs by standard procedures. The coding exons 4, 6, 7, and 12 of the BCOR gene (GenBank accession no. NM_001123385) were amplified from genomic DNA of the proband, while only exon 7 was amplified from DNA samples of the proband's sister and parents. Primer sequences are available on request. We directly sequenced amplicons using the ABI Big Dye Terminator Sequencing Kit (Applied Biosystems, Weiterstadt, Germany) and an automated capillary sequencer (ABI 3500; Applied Biosystems). Sequence electropherograms were analyzed using the Sequence Pilot software (JSI Medical Systems, Kippenheim, Germany). Declared relationships were verified by genotyping both parents and their daughters at 6 microsatellite loci.
Results
Sequencing of selected exons of the BCOR gene from leukocyte-derived DNA of the proband revealed the heterozygous nonsense mutation c.3490C>T (p.R1164 * ) in exon 7 that has not yet been described ( fig. 4 ). This transition leads to the introduction of a premature stop codon and is a loss-of-function mutation, likely representing the genetic cause of OFCD syndrome in the proband. In the affected sister, sequencing of BCOR exon 7 revealed the same heterozygous mutation (data not shown). However, we could not detect the c.3490C>T substitution in genomic DNA isolated from leukocytes ( fig. 4 ) , buccal or saliva cells from the 2 asymptomatic parents (data not shown).
Discussion
In this study, we describe 2 sisters affected by OFCD syndrome. Both presented with congenital cataracts operated shortly after birth. The proband was more severely affected with cardiac, skeletal and dental anomalies and significant facial dysmorphism than her sibling who did not have any heart problems.
OFCD syndrome is caused by germline mutations in the BCOR gene. BCOR encodes the BCL6 corepressor, a ubiquitously expressed nuclear protein which was first identified as a corepressor that interacts with the transcriptional repressor BCL6 through the BCOR-BCL-6 binding domain (BCOR BBD ) [Huynh et al., 2000] . The target genes of BCOR are TP53 and Cyclin D2 (CCND2) in B cells [Gearhart et al., 2006] . BCOR is a key transcriptional regulator during embryogenesis [Ng et al., 2004] and plays a role in differentiation of multiple tissue lineages during early embryonic development [Wamstad et al., 2008] . It has also been identified as a negative regulator of osteo-dentiogenic capacity of mesenchymal stem cells [Fan et al., 2009] . More recent data indicate a cooperative function of the zebrafish orthologs Bcor and Bcl6a in normal optic cup formation through regulating p53-dependent apoptosis [Lee et al., 2013] .
Both familial and sporadic cases with OFCD syndrome have been described in the literature, where in familial cases both mother and daughter(s) were affected [Hedera and Gorski, 2003; McGovern et al., 2006; Kondo et al., 2012; Lozic et al., 2012] . The 2 sisters with OFCD from India described here have a novel alteration in BCOR , the heterozygous nonsense mutation c.3490C>T (p.R1164 * ). Interestingly, none of the parents showed any clinical expression of the disease. Though clinical features were absent, we performed DNA analysis from 2 different tissues (blood and buccal/saliva cells) of both parents to identify possible somatic mosaicism. The BCOR mutation c.3490C>T could not be detected in the various DNA samples analyzed from the parents suggesting that either the mother or the father is carrier of gonadal cell mosaicism. Germline mosaicism has been reported in other Xlinked disorders, such as DCX -related disorders, bilateral periventricular nodular heterotopia, Rett syndrome, and Goltz-Gorlin syndrome [Mari et al., 2005; Hehr et al., 2007; Maas et al., 2009; Kasper et al., 2013] . This has important implications for genetic counseling. Gonadal mosaicism is a rare phenomenon reported in several autosomal dominant, X-linked and, exceptionally, in autosomal recessive disorders [Saranjam et al., 2013] . Though parents are phenotypically normal in such cases, and a mutation is not detectable in blood, the recurrence risk to couples will be ≤ 50%, as shown for other conditions [Zlotogora, 1998] . The exact figure depends on the proportion of affected cells in the gonads, an estimation of which is difficult to give. With the present study, OFCD is added to the list of disorders in which gonadal mosaicism can occur. Prenatal diagnosis should be offered in cases of OFCD, irrespective of parental phenotype or molecular analysis status in simplex as well as multiplex cases.
Recurrent clonal and somatic mutations in BCOR have recently been detected in some cases with acute myelogenous leukemia who were subjected to whole exome sequencing [Grossmann et al., 2011] . Looking retrospectively, an increased mitomycin C-induced chromosome breakage in the proband of our family supports a role of BCOR in one of the pathways for leukemogenesis. In the study of Grossmann et al. [2011] , somatic BCOR mutations were of disruptive nature and constantly targeted the only functional allele in both male and female patients and denoted a loss-of-function of the tumor suppressor gene. Patients with Fanconi anemia often develop AML or myelodysplastic syndrome in their teens or young adulthood due to a strong selective pressure in the bone marrow that leads to clonal evolution [Soulier, 2011] . BCOR mutations are therefore potentially implicated as one of the possible causes of AML developing in Fanconi anemia. Pancreatic endocrine microadenomatosis has been reported in a single case of OFCD [Atiq et al., 2012] , and no other malignancies are reported in the literature. The last hematological profile of the proband, at the time the manuscript was being revised, was normal. Till further guidelines on management of OFCD are available, a yearly follow-up of the proband will be done to check growth and any abnormal hematological parameters. The parents were counseled accordingly and also offered prenatal diagnosis for potential future pregnancies. Further studies are required to evaluate which pathways are affected by disruption of the BCOR gene. Though there are no reported cases of hematological cancers in OFCD, further research in this area is warranted.
